, R 1 = 0⋅03 and wR 2 = 0⋅09).
Introduction
Several open-framework transition metal phosphates are known to date 1 , those of iron forming a large family 2 . A series of oxy-fluorinated open-framework iron phosphates are also reported [3] [4] [5] . Examples of organically templated iron phosphate materials prepared by hydrothermal method, include, one dimensional [6] [7] [8] , two dimensional [9] [10] [11] [12] [13] [14] [15] [16] [17] and three dimensional 14, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] 4 -units along with the water molecules are intercalated between the iron fluorophosphate layers.
Experimental
The title compound I was synthesized under mild hydrothermal conditions starting with a coordination complex of Fe 3+ , Fe(acac) 3 as the source of iron. In a typical synthesis procedure, 0⋅200 g of Fe(acac) 3 was dispersed in 2 ml (2 g) of water. To this, 0⋅2220 g of H 3 PO 4 (85% w/w) was added with constant stirring, followed by the addition of 0⋅0828 g of tris (2-aminoethylamine) (TREN) . To this mixture 0⋅0566 g HF (48% w/w) was added and stirring was continued for another 20 min to obtain a homogenous gel. The final mixture with a molar ratio of Fe(acac) 3 :4H 3 PO 4 : TREN : 5HF : 200 H 2 O was transferred to a 7 ml PTFE-lined acid digestion bomb and heated at 150°C for 40 h. The resultant product contained plate-shaped crystals suitable for single crystal X-ray diffraction in the form of spiked ping-pong balls (as seen under optical microscope), which was subsequently washed thoroughly with double distilled water and dried at ambient temperature. Compound I can be obtained with a wide range of Fe(acac) 3 and H 3 PO 4 ratios (1 : 3-6) with other conditions remaining the same. Fe(acac) 3 was prepared following a reported procedure 29 and rest of the chemicals were obtained from Aldrich and used without further purification. The powder X-ray diffraction (XRD) pattern (figure 1) of the powdered single crystals indicated that the product was a new material, and was consistent with the structure determined by single-crystal X-ray diffraction. A least squares fit of the powder XRD (CuKα) lines of the bulk sample, using the hkl indices generated from single crystal X-ray data, gave the following cell: a = 13⋅4347(1), b = 9⋅7171(2), c = 18⋅3107(1) Å and β = 92⋅1432 (1) 30 . Thermogravimetric analysis was carried out (TGA) under nitrogen atmosphere in the range from 25° to 850°C.
A suitable single crystal (0⋅10 × 0⋅16 × 0⋅24 mm) of the title compound was carefully selected under a polarizing microscope and glued to a thin glass fiber with cyanoacrylate (superglue) adhesive. Crystal structure determination by X-ray diffraction was performed on a Siemens Smart-CCD diffractometer equipped with a normal focus, 2⋅4 kW sealed tube X-ray source (MoKα radiation, λ = 0⋅71073 Å) operating at 50 kV and 40 mA. A hemisphere of intensity data was collected at room temperature in 1321 frames with ω scans (width of 0.30° and exposure time of 20 s per frame). The final unit cell constants were determined by a least squares fit of 1931 reflections in the range 3° < 2θ < 46⋅5°. Pertinent experimental details for the structure determinations are presented in table 2. An absorption correction based on symmetry equivalent reflections was applied using SADABS 31 program. Other effects, such as absorption by the glass fiber were simultaneously corrected. The structure was solved by direct methods using SHELXS-86 32 and difference Fourier syntheses. The hydrogen positions were initially located in the difference Fourier maps and for the final refinement, the hydrogen atoms were placed geometrically and held in the riding mode. The hydrogens for the water molecules were located and refined isotropically. The last cycles of refinement included atomic positions for all the atoms, anisotropic thermal parameters for all non-hydrogen atoms and isotropic thermal parameters for all the hydrogen atoms. Full-matrix least-squares refinement against |F 2 | was carried out using the SHELXTL-PLUS 33 suit of programs. Details of the final refinements are given in table 2. The selected bond distances and bond angles for I are given in tables 3 and 4.
Results and discussion
The asymmetric unit of I (figure 2) contains 36 non-hydrogen atoms, of which 19 atoms belong to the inorganic framework while the rest belong to the guest molecules residing in the inter-lamellar space. The structure of I is constructed from the macroanionic inorganic framework layers of Fe 2 F 2 (HPO 4 ) 3 2-, held together by strong hydrogen bonding with an assembly of protonated amine, H 2 PO 4 and H 2 O. The inorganic framework layer consists of a complex network of vertex-sharing FeF 2 O 4 , FeFO 5 and HPO 4 polyhedra. The connectivity between these polyhedra creates 3, 4 and 8-membered rings within the layer as shown in figure 3 . The inorganic layers are stacked along the a-axis in the AAAA fashion and the interlayer space is occupied by protonated amine, H 2 PO 4 -anions and water molecules as shown in figure 4. 
1⋅486 (6) Symmetry transformations used to generate equivalent atoms: 
Organic moiety
Symmetry transformations used to generate equivalent atoms:
There are two crystallographically distinct Fe atoms and four distinct P atoms in the asymmetric unit. The Fe(1) and Fe(2) atoms in I make 4 and 5 Fe-O-P bonds with their three distinct P neighbors respectively, and also share a bridging F between them via a Fe(1)-µF(2)-Fe(2) linkage to form a Fe 2 F 2 O 9 dimer. The sixth coordination needed to satisfy the octahedral coordination of Fe(1) comes from a terminal F-atom. The presence of terminal fluorine is not uncommon and has been observed in FePO 4 , AlPO [34] [35] [36] and GaPO . Detailed bond valence sum calculations (P(1) = 5⋅0277, P(2) = 4⋅9908, P(3) = 5⋅0657, P(4) = 5⋅2545, Fe(1) = 3⋅1263 and Fe(2) = 3⋅1146) also indicated that the valence state of the Fe and P are + 3 and + 5 respectively. So the framework stoichiometry of [Fe 2 F 2 (HPO 4 )] 2-along with the free [H 2 PO 4 ] -produces a charge of -3 which thus directs that all the three terminal -NH 2 groups of the tris- (2-aminoethylamine) The topology of the layer in I can be described in terms of a secondary building unit (SBU). It has been mentioned earlier that (11) 2⋅572 ( Thermogravimetric analysis (TGA) of I reveals that there are two major steps of weight loss, centered around 100°C and 350°C as shown in figure 8 . The first step corresponds to the loss of two H2O molecule (obs. -4⋅6453%, calc. -5⋅00%), while the second step which has a sharp jump at 300°C followed by a long tail corresponds to the loss of amine molecule, HF, and a phosphoryl -OH group (obs -37⋅8%, calc -31⋅33%). The final calcined product at 850°C is dense Fe(PO3)2 [JCPDS file card no. 30-0660].
Conclusions
The layer topology in I is new although many open-framework iron phosphates have their structural analogs in the GaPO 11, 12, 19, 20 and AlPO systems 10, 42 or in the naturally occurring iron phosphate mineral 43 . The presence of Fe-O/F-Fe linkage is common in open-framework iron phosphate and also in mineral but the diversity lies in their connectivity. The Fe-O/F-Fe connectivity leads to infinite chains of vertex 6, 8, 10, 21 or edge-sharing 11, 12, 14 FeF x O 6-x (x = 0-2) octahedra, finite chains e.g. a pentamer 5 , or a trimer which is found in all SBU-6 [18] [19] [20] and even some unusual clusters 7, 13, 22, 25 . Iron Phosphate framework exclusively built up from isolated iron octahedra surrounded by phosphate groups is very rare 16, 17, 24, 28 . On the other hand, structures formed exclusively from the isolated corner-shared iron octahedral dimer surrounded by phosphate groups have been observed for the first time. Pillaring of iron phosphate layers by free H 2 PO 4 -groups is unique and has not been observed earlier in open-framework structures, though the pillaring of iron phosphate layers by phosphate groups through covalent bonds is known 4 . The synthetic procedure of the iron phosphate merits some discussion. Encouraged by our earlier investigations 5 we have used Fe(acac) 3 as the source of iron along with different amines. Use of the same molar ratio of the reactants does not lead to the same structure if the iron source is different (e.g. FeCl 3 or Fe 2 O 3 ). Fe(acac) 3 as a precursor for the iron phosphate provides a new strategy for the synthesis of novel open framework iron phosphates besides the other two already existing routes 2, 3 .
